Objective: Because melanoma patients are at high risk of further disease, we aimed to study their melanoma prevention behaviours.
| BACKGROUND
Because melanoma survivors are at significantly raised risk of further primary melanomas, 1 engagement in sun protection is important to lower this risk as far as possible. [2] [3] [4] Sun-protective behaviour before and after the diagnosis of primary melanoma may also lower the risk of recurrence or progression, 2, 3 although some authors have questioned this because high sun exposure prior to the diagnosis of cutaneous melanoma has been linked to improved rather than worsened prognosis in several but not all study populations. [5] [6] [7] Despite these various findings, all current clinical guidelines recommend educating melanoma patients about the need to avoid high sun exposure 8 and use adequate sun protection. 9 In addition, regular skin examinations are important in people previously diagnosed with melanoma, especially those with high-risk primary disease. 8 Skin checks by the patients themselves, family members, or doctors aid early detection and treatment of new or recurrent disease.
A recent systematic review of prevention practices in melanoma survivors showed that a considerable proportion of people previously diagnosed with melanoma continue to engage in sunbathing (21% to 66%), indoor tanning (up to 6%), and continue to experience sunburns (up to 60%) 3 and that the frequency of skin self-examination was inadequate 3 although frequency of clinician skin checks was high among the studies that assessed this. 3, 10 The authors concluded that more intensive intervention strategies to reduce the risk of new primary melanomas in melanoma survivors were needed, as well as research in populations and regions outside North America. 3 Almost all studies to date have evaluated single prevention behaviours in people diagnosed with melanoma, and although primary and secondary prevention behaviours are likely to follow different behavioural pathways, 11 patients need to engage in both. However, little is known about engagement in multiple primary and secondary prevention behaviours simultaneously. This information is needed to tailor preventive strategies in the growing numbers of melanoma survivors. We have used latent class analysis (LCA) to evaluate clustering of primary and secondary prevention behaviours in a large cohort of patients diagnosed with localised melanoma at high risk of recurrence, taking into account known differences in sun protection between male and female melanoma survivors. 12 We also addressed the question of the influence of pre-diagnostic preventive behaviour on melanoma prognosis by assessing the sex-specific associations between sun protection, skin examinations, and thickness and ulceration of the primary melanoma at histologic diagnosis, 2 key prognostic features.
2 | METHODS
| Primary Melanoma Project
Participants were enrolled in the Primary Melanoma Project, a prospective study of patients newly diagnosed in 2010 to 2014 with a primary cutaneous melanoma, stage IB or II, in Queensland, Australia.
Methods have been described in detail previously, 13 social, emotional, and functional well-being), and a melanoma-specific subscale. Thickness (categorised as ≤2.0, >2.0 mm) and presence of ulceration (yes/no) of the primary melanoma were extracted from diagnostic histopathology reports.
| Preventive behaviours
Four measures of sun protection and 2 of skin examination practices were collected at recruitment using a standard self-completed questionnaire. Patients were asked how often on average they wore a hat, long-sleeved shirt, sunglasses, and applied sunscreen when they were outside in the sun in the last 5 years, with response categories:
never, less than 50% of the time, more than 50% of the time, and all the time. They also reported how many times they visited a doctor or primary care skin clinic (these are common in Queensland) to be checked for skin cancer as a preventive routine or because of past skin cancer, and how often another person (including self) checked their skin for suspicious moles in the last 5 years, with response categories:
never, once, once every couple of years, once a year, and more than once a year.
| Statistical analysis
Reported sun protection behaviours were categorised as more frequent (≥50% of the time or all the time) or less frequent (never or <50% of the time), and skin examination behaviour as once a year or more or never or once every couple of years. We first used LCA to identify patterns of overall engagement in sun protection and skin examination behaviours. We modelled these to estimate underlying behavioural latent classes with sex as a grouping variable a priori and, because preliminary analyses showed that the assumption of measurement invariance did not hold, we allowed the estimation of the behavioural patterns to vary by sex. Statistics regarding model fit included the likelihood-ratio statistic G 2 , information criteria, and entropy, and these along with interpretability of behavioural latent classes allowed selection of the final model. All LCA was performed in SAS v 9.4
(SAS Institute, Cary, NC) using PROC LCA version 1.3.2.
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Next, we used the posterior probabilities output of the LCA to assign each patient to 1 behavioural latent class (maximum-probability assignment) 17 and assessed the differences in the characteristics of participants across classes by sex using χ 2 tests of homogeneity. To identify factors independently associated with behavioural latent classes (hereafter termed behaviour clusters), prevalence proportion ratios (PPRs) and 95% confidence intervals (CIs) were estimated using
Poisson regression models with robust error variance. 18 Because of the similarity in overall behaviour clusters by sex (despite distinct differences in specific behaviours by sex), analysis was repeated with sexes combined. Lastly, we assessed the associations between sexspecific behaviour clusters and prognostic melanoma characteristics using Poisson regression models with robust error variance 18 to estimate PPRs and 95% CIs, accounting for previous history of melanoma or other skin cancer. Analyses of associated factors were restricted to patients with complete data for age, sex, skin type, education, smoking status, history of melanoma, self-assessed general health, and weekday and weekend sun exposure (n = 720), and a priori we adjusted for age, skin type, education, and in the final models included individual factors significant at the 10% level. PROC GENMOD in SAS v 9.4
(SAS Institute, Cary, NC) was used to estimate PPRs and their corresponding 95%CIs.
| RESULTS
Among 789 primary melanoma patients (448 [57%] male, 341 female), females were more likely than males to have applied sunscreen and worn sunglasses most of the time outdoors in the 5 years before diagnosis of their index melanoma, while males were more likely to have worn a hat and long-sleeves (Table 1) . Overall, wearing long-sleeves was the least practised behaviour. In the years before diagnosis, around half of all study patients reported having their skin checked at least annually by a doctor, and some 40% said they checked their own skin or someone else checked it for suspicious pigmented lesions, with no sex difference ( Table 1 ).
| Sun protection and skin examination behaviour patterns
Analysis of frequencies of specific sun protection and skin examination measures as people practised them simultaneously in the 5 years before melanoma diagnosis gave rise to 4 different behaviour clusters based on meaningfulness of results and on statistics of optimal model fit (Table S1 ). We labelled them "no/ low prevention", "sun protection only", "skin checks only" and "sun protection and skin checks". Although we used the same labels for both sexes, there were important sex differences in the distribution of patients between clusters and in the probabilities of practising specific preventive behaviours within each cluster. For example, while 33%
of males but only 13% of females practised only sun protection: both were likely to wear sunglasses and hats most of the time outdoors, but females were also highly likely to apply sunscreen; both were less likely to have regular skin checks ( Figure 1 ; Table S2 ). Twentythree percent of males and 30% of females were characterised as having lower probabilities of practising most (males) or all (females) sun protection behaviours but had high probability of having skin examinations by a doctor. Males in this group also were likely to wear hats and have skin checks by others/self at least once a year ( Figure 1A ) but not the females ( Figure 1B) . A minority of females (22%) and an even smaller minority of males (12%) had high probabilities of both using sun protection and having regular skin checks in the 5 years before diagnosis ( Figure 1 ; Table S2 ). Overall, 32% of males and 36% of females were no or low users of any preventive measures.
| Factors associated with preventive behaviours
There were 720 patients with complete personal data available for analysis of associated factors. Patients with missing data (mostly in regard to smoking) were significantly less likely (P < 0.05) to be highly educated or to have previous painful sunburns. After adjustment for associated factors, melanoma patients who were users of any prevention measures were most likely to have skin that burned and most likely to have a history of melanoma or other skin cancer (Table 2) , largely reflecting the sex-specific patterns (Tables S3 and S4) diagnosis, respectively) were those most likely to undergo skin checks only and also were those most likely to fall in the sun protection and skin checks combined cluster (although it was also seen that 28 (18%) of those with a previous melanoma practised no/low preventive behaviour) ( Table 2 ). Those in the sun protection and skin check cluster were more likely to be educated beyond high school and be nonsmokers ( Table 2) . Users of sun protection only were more likely to be male than those who did not use sun protection outdoors or have skin examinations, while those who engaged in skin checks as their only preventive behaviour were significantly less likely to spend time outdoors on weekends (although around 75% still spent 2+ hours outdoors per day on weekends in absolute terms). There was no those in the "UV protection only" cluster were more like to live in inner regional and outer regional or remote areas (Table S4 ). In regard to occupation, among males, this was highly correlated with education (and the association with education dominated), while in females, those in the "UV protection and skin checks" cluster were significantly less likely to be in the trade/manual/not employed group after adjustment for education and other factors.
To examine associations with quality of life, we excluded 14 patients who had confirmed metastatic disease before completion of the quality of life questionnaire from the study sample of 720, giving 706 patients (398 males, 308 females). In males, adjusted analyses showed no significant associations (P > 0.05) between physical, emotional, social, functional or melanoma-specific well-being scores and the 4 preventive behaviours. In females, those likely to use UV protection only had significantly lower overall physical, social, emotional, and functional well-being than females practising both UV protection and skin checks, and significantly lower melanoma-specific quality of life scores than those using other protective behaviours.
| Preventive behaviours and prognostic histological features
Because of clear differences between male and female preventive behaviours (Figure 1 ), we carried out sex-specific analyses of associations with thickness, the main prognostic feature of primary melanoma. 19 There were no associations between prevention behaviour clusters and thickness of primary melanoma in males overall, but males with no past history of melanoma or other skin cancer who had frequent skin checks had significantly reduced likelihood of being diagnosed with a thick (>2.0 mm) rather than thin melanoma (PPR = 0.79, 95% CI 0.68, 0.91) ( Table 3) . Regarding melanoma ulceration, again no associations with behaviour clusters were seen overall for either sex, but females with no past history of skin cancer who engaged in sun protection and underwent skin checks were significantly less likely to be diagnosed with an ulcerated melanoma (PPR = 0.85, 95% CI 0.74, 0.98) (Table S5 ).
| DISCUSSION
We assessed how melanoma preventive behaviours clustered among patients newly diagnosed with a primary melanoma at high risk of recurrence. Using LCA, we found 4 different clusters of preventive behaviours, namely "no/ low preventive behaviour" where patients did not engage in any regular preventive behaviour; using "sun protection only" cluster, where patients engaged in sun protection but not skin checks; "skin checks only" where patients had regular skin examinations but used little sun protection; and engaging in "sun protection and skin checks" where patients reported both these primary and secondary preventive behaviours. The largest proportion (a third of the cohort, similar proportions by sex) engaged in "no/ low preventive behaviour," while the smallest (16% of the cohort, mostly women) regularly practised both sun protection and undergoing skin checks. Approximately, a quarter only practised sun protection (mostly men) and another quarter only had regular skin checks with minimal sun protection (slightly more in the females [29%] than the males 23%).
The factor most strongly associated with any preventive behaviour was having a previous melanoma or other skin cancer; a past history of cutaneous cancer was linked to regular skin checks in males and to all preventive behaviour clusters in females. Level of education, skin type, and other lifestyle factors were also clearly related to preventive behaviours: males engaging in both sun protection and skin checks were more likely to be educated beyond high school and to have skin than burned on acute sun exposure, while for patients of both sexes, not smoking currently was strongly associated with practice of both sun protection and skin examinations. Quality of life was not Abbreviation: PPR, prevalence proportion ratio. a n = 718 due to n = 2 missing thickness data (out of n = 720 with complete data on selected covariates).
b Adjusted for age, skin reaction to acute sun exposure, education, and history of melanoma/skin cancer.
c Also adjusted for first degree relative with melanoma and weekend sun exposure.
d Also adjusted for self-assessed general health and weekend sun exposure.
associated with preventive behaviours in males, but in females, those likely to use UV protection only had significantly lower overall wellbeing than those practising both UV protection and skin checks and significantly lower melanoma-specific quality of life than those using other protective behaviours.
When we examined possible associations between skin cancer preventive behaviours and thickness of the index primary melanoma as the key prognostic histological feature, we found that males with no past history of melanoma or other skin cancer before the study who had frequent skin checks had significantly reduced chances of having a thick (over 2 mm) melanoma at diagnosis. We also saw that females with no past history who engaged in both primary and secondary preventive behaviours were significantly less likely to have an ulcerated melanoma at diagnosis than those who engaged in neither.
Although no studies have investigated clustering of preventive behaviour in melanoma patients before, our results regarding patient engagement in individual sun protective behaviours are consistent with other findings, namely that female patients are more likely than males to wear sunscreen and males are more likely to wear a hat.
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Like others, we also found that those with a previous melanoma were likely to engage in preventive behaviours, 3 especially clinical skin examination. 10, 20 Regarding the associations with prognostic indicators, one other study found no association of weekend sun exposure with melanoma ulceration, 21 while our study found no overall association with lack of sun protection. However, we did observe a low likelihood of ulceration in females with no past history of melanoma/ skin cancer who used sun protection and had skin checks, and thus our data do not offer support for the hypothesis that high sun exposure before diagnosis of melanoma may improve prognosis.
5,22
| Study limitations and strengths
The present study was limited by its cross-sectional nature so that we were unable to relate ongoing sun protection and skin check behaviour in the years after diagnosis to prognosis, having only pre-diagnostic behaviour. However, other studies have shown that while these behaviours improve immediately after melanoma diagnosis, preventive behaviour may not be sustained, and in the longer term there may be a return to baseline behaviour patterns. 23, 24 We did not consider conscious avoidance of being outdoors as a sun protective measure as we did not specifically ask about this. However, those who spent less than 1 hour/ day in the sun on weekdays and weekends, whether for sun avoidance, poor health, or other reasons, comprised only 13% of the cohort. The strengths of our study were its large size and our novel application of LCA to comprehensively describe multiple melanomapreventing behaviours.
In summary, we have shown that up to a third of patients who have been newly diagnosed with high-risk melanoma have low levels of melanoma preventive behaviours. Others are likely to engage either solely in sun protection or else undergo regular skin examination for new or recurrent melanoma as their only preventive measure. Only 17% are likely to be engaged in optimal preventive behaviours, using sun protection and having regular skin examinations.
| Clinical implications
Knowledge about levels of preventive behaviours and clustering of these various behaviours in melanoma patients allows clinicians and medical carers to identify those who could increase their use of sun protection measures and /or frequency of skin examinations. Specifically, clinicians can firstly ascertain who among their melanoma patients are not practising preventive measures regularly, being alert especially to those who have never had skin cancer previously, and to male patients, those under 50 years, melanoma patients with lower levels of education and smokers. Then, focusing on just the 2 overarching preventive recommendations for optimal uptake, 25 namely sun protection on the one hand and regular skin examinations on the other, clinicians can encourage such patients to engage in these behaviours in order to reduce their risk of future primary and recurrent disease.
